ABSTRACT
INTRODUCTION
The ability to recognize speech in noise must be considered as an important issue to be clinically evaluated, especially for those who have hearing difficulties. In several daily listening situations, oral communication requires accurate perception of speech, and usually, the speech is masked by a background noise -a simultaneous competitive noise (1, 2) . This competitive noise has multiple sources in a social environment and the listener has to 'segregate' speech from the masking noise (3, 4) . Speech in noise recognition has been studied for years (5, 6) . One example of this is the Articulation Index (AI), a metric used in acoustical studies to improve communication through the telephone, based in several experiments with different masking noises. This metric predicts intelligibility based on the available speech spectrum above the background noise (7, 8) .
For decades, studies have been comparing speech perception in the presence of different types of maskers where the acoustics characteristics of the noise are manipulated (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
When an acoustic characteristic of the masker noise (usually an amplitude or frequency modulation) results in an improvement in speech recognition, this change is known as masking release.
Several studies have shown that young normal hearing listeners perform better in recognition of a target speech when the masking noise is modulated in amplitude (amplitude modulated -AM) or in its spectrum of frequencies (frequency modulated -FM). In other words, speech perception is optimized when the background noise is modulated, in comparison to steady noise (12, 13) . Regarding amplitude modulation across time, masking release is due to the temporal intervals when there is a decrease in the noise intensity (modulation minima), improving, therefore, the signal to noise ratio (13, 14) . This situation allows the listener to perceive better the target speech, exactly at the modulation minima, when the masking noise is lower in intensity. Therefore, the listener perceives brief fragments of the speech at the moment intensity decreases and receive more information in order to recognize what it has been said.
The magnitude of masking release is related to some of the physical characteristics of the masking noise. For example, its modulation rate across time (10, (13) (14) (15) (16) (17) (18) . One study (18) shows an improvement of 15 dB to 25 dB in speech recognition thresholds among modulation rates from 8 to 20 Hz. A larger magnitude of masking release has been observed for low modulation rates (19) , ranging from 8 Hz to 25 Hz (especially 10 Hz) (13, 14, 20) . Lower modulation rates have longer temporal intervals of masker minima, which allow the listener to perceive more acoustical information of the speech (21) . The magnitude of masking release has been typically quantified as (a) the change in performance (percent correct) at a specific signal-to-noise ratio (SNR) in steady and modulated noise, or as (b) the difference in SNR in steady and modulated noise at a specific percent correct value (22) . Masking release for speech is measured by using linguistic material, such as word or sentence lists from published tests, in the presence of masking noise. One of the tests used for this purpose is the Hearing in Noise Test (HINT) (23) . This test investigated temporal aspects of hearing, and more specifically, temporal masking (24) . In the Hearing in Noise Test (HINT), sentences are used to measure speech recognition thresholds in the presence of masking noise. It contains 25 lists of phonetically balanced sentences (10 sentences per list), and was developed for use evaluating speech recognition in noise. In 2008, researchers of the University of Sao Paulo, in Brazil published the Brazilian version of the HINT, the HINT-Brazil (25) . The HINT-Brazil is composed of 12 lists of 20 phonetically balanced Brazilian-Portuguese sentences and can be considered as an appropriate instrument to study the ability of recognizing speech in the presence of noise. However, the masking noise of the HINT-Brazil is a steady masker, which means that its intensity (amplitude) is steady across time. This masker can by amplitude modulated in different rates by an acoustic processor (RX6-Turker-Davis Technology). Therefore, sentences of HINT-Brazil can be used to investigate speech recognition thresholds in different rates of modulation noise and steady noise.
The present study investigated the effect of multiple masker modulation rates on masking release for speech in normal hearing young listeners. The speech material used was the HINT-Brazil. Fifteen normal hearing listeners participated in the study. Of these, nine were female. Subject age varied from 17 to 35 years old (mean age = 21). All subjects signed a consent term.
METHODS

This is a quantitative
None of the subjects had a history or complaint of any hearing/otologic, neurologic or psychiatric disorder. They all presented with normal otoscopy and normal hearing (thresholds lower than 20 dB HL for 250 Hz to 8000 Hz, including 3000 Hz and 6000 Hz) (26) . The subjects were submitted to speech-in-noise recognition tasks. As mentioned before, the speech material for these tasks were the 12 lists of 20 Brazilian-Portuguese sentences recorded at the House Research Institute (HRI) by a male speaker (25) . The masker noise was speech shaped noise (SSN) modulated by an acoustic processor (RX6-Tucker-Davis Technologies®). The SSN has a frequency spectrum analogous to that of the speech. The masker was squared-wave modulated between 65 and 30 dB SPL at rates of 4 Hz, 8 Hz, 16 Hz, 32 Hz and 64 Hz. The steady noise was presented at 65 dB SPL.
Subjects were positioned in an acoustic treated booth and instructed to listen carefully to all sentences and repeat as much as they understood. They were also informed that they would hear a masking noise. The researcher was positioned outside the booth, and controlled stimulus delivery and response registration by custom Matlab software scripts, 7.14 version (R2012a).
Speech signals and masking noise were processed by the same digital sound processor (RX6-Tucker-Davis Technologies®) and delivered monaurally through circum--aural earphones (Sennheiser-HD580) to the subject's right ear or the better ear, when there was a difference of 5 dB or more between ears thresholds.
A correct response required the exact repetition of the test sentence. Any difference between the HINT sentence and the subject's production was registered as an error, even when there was no semantic modification; for example, changes in the articles or in the verb conjugation, inclusion or exclusion of words.
In terms of the masker modulation rates, there were six test conditions: 0 Hz (steady)
Each subject was tested in two conditions resulting in three groups of five subjects: G1 (0 Hz and 4 Hz); G2 (8 Hz and 16 Hz) and G3 (32 Hz and 64 Hz). A subject's speech threshold for each condition was taken as the average of four threshold replications. The result for each testing condition was the average across all group members.
The magnitude of masking release was computed as the difference between the mean speech recognition threshold in the steady masker (0 Hz modulation), taken as a reference, and the mean speech recognition threshold in each tested modulation rate.
Speech threshold was determined by an adaptive procedure, estimating 71% correct on the psychometric function. In this adaptive procedure the signal level is presented according to the subject's previous response (27) (28) (29) . Initial signal level was 70 dB SPL for the steady masking noise, and 60 dB SPL for the modulated masker in all rates. Signal level was adjusted following a two-down, one-up tracking rule (28) . In this method, the level of the signal is reduced by certain amount after two successive correct responses, and increased by the same amount after an incorrect response. For this study, signal level was reduced and increased by 2 dB.
Each threshold estimation track continued for a total of six reversals in signal level direction, where a reversal consisted of a change in the response course from decreasing to increasing or from increasing to decreasing.
In order to avoid learning effects, each sentence was presented only once to the subject. Subjects were randomly assigned to groups, and the order of conditions with group was random for each subject. The lists of sentences were also randomly selected.
Test time per subject was approximately 50 minutes. In order to avoid interference in the subject's response caused by fatigue or discomfort, rest breaks were given as needed.
Data was analyzed at the Software Package for Statistical Analysis (SPSS) with the purpose to investigate the effect of multiple masker modulation on the masking release magnitude in normal hearing young adults. The significance of this data was evaluated by the analysis of variance, using the linear model with mixed effects. Modulation rate was considered as the fixed effect and the participants were considered as variable effect. Repeated measurements for each subject and for each testing condition were taken into account. The F-test was performed with a significance level of 95% to determine the effect of modulation rate. A Pairwise comparison, adjusted for multiple comparisons, was performed among mean thresholds for each modulation rate.
RESULTS
The averages of speech thresholds as a function of modulation rate are plotted in Figure 1 .
Speech thresholds were plotted as a function of modulation rate (0 Hz modulation meaning steady noise A comparison of speech thresholds averages among all conditions (all modulation rates) shows significant main effect of modulation rate (F (5,6.5) = 207.4; p<0.01) shown in Table 2 .
Pairwise comparisons among modulation rates, adjusted for multiple comparisons, resulted in the following pattern (p<0.05): speech thresholds measured in all modulated maskers (rates from 4 Hz to 64 Hz) were lower (better performance) than speech thresholds measured in steady masking noise; speech thresholds obtained at 4 Hz and 32 Hz modulation rates did not significantly differ from each other; speech thresholds obtained at 64 Hz modulation rate were significantly higher than thresholds obtained at all other modulation rates.
When expressed as signal-to-noise ratio (SNR), results were lower for steady noise and the 64 Hz modulation rate Table 3 ).
The magnitude of masking release was observed for all masker modulation rates. However, magnitude was greater when the masking noise was modulated at 4 Hz, 8 Hz, 16 Hz and 32 Hz, and smaller at 64 Hz modulation rate (Table 3) .
DISCUSSION
Speech recognition performance in noisy environments may vary according to the acoustic characteristics of the masking noise (2, 9, 13, 14) . Studies have shown better speech recognition when the masking noise is modulated in amplitude across time and spectrum of frequencies (12, 14, 21, 24) . When the noise is frequency modulated (FM), the spectrum of the noise oscillates and becomes more or less similar to the spectrum of the target speech. When the noise spectrum is more different than the speech spectrum, more acoustic information of the speech is free from masking by the noise. Therefore, the listener can perceive more fragments of what is being said and, consequently, improve recognition performance. SNRs at threshold with FM maskers are usually lower than with steady noise (24) . When the noise amplitude is modulated, its intensity changes across the time. The masker is less effective at the low levels of intensity (masker minima) permitting the listener to perceive more of the target information at these timing intervals. Once again, speech thresholds are lower when measured in AM noise than when measured in steady noise. As mentioned before, this improvement in speech recognition, cause by acoustical changes in the masker, is called masking releasing (10, (13) (14) (15) (16) (17) (18) (19) (20) (21) 23) . Amplitude modulation may also vary in its "shape". Researchers have been using squared-wave or sinusoidal modulations. For a given rate, if the modulation is sinusoidal, the overall masking effectiveness is higher, and consequently the magnitude of masking release is smaller, presumably because of the effectively shorter masker minima. In squared--wave modulation, the listener can hear more fragments of the speech, therefore, speech recognition performance is enhanced (12) (13) (14) 21, 24) . In this study, squared-wave modulation was used. The magnitude of masking release found here is higher than that shown in a study in which a 10 Hz sinusoidal modulation was used (2) . Hall and collaborators show a masking release magnitude around 5 dB, whereas the magnitude found here is approximately 7 to 8 dB.
A study (1) has demonstrated a benefit of 4 to 8 dB for sentence recognition in normal hearing subjects. In another study (22) , researchers have observed an increase of 6 to 10 dB in speech recognition thresholds. In 2006, two more studies reported 15 to 25 dB of masking release magnitude (17, 18) . The masking release magnitude can be also presented as an increase of signal-to-noise ratio at threshold (22) (Table 3 ). Regarding the noise modulation rate, the results here show a significantly higher masking release magnitude for the lower rates (from 4 Hz to 32 Hz). Similar results are described in the literature on the firsts studies about masking release (30) , as well as in recent researches (13) . An explanation for these findings is that higher modulation rates make the noise more perceptually similar to a steady noise, providing the listener less intervals of minima masking (20) . Therefore, it seems that as the modulation rate increases, the chances for perceiving speech fragments decrease.
In 1950, a study presented a better speech recognition performance in modulated noise at 10 Hz (30) . These researchers also investigated masking release for several modulation rates and concluded that speech thresholds were equivalent between steady noise and modulated noise at higher rates. Results of the present study are in agreement with this pattern (30) , as it was found here higher values at steady noise and at 64 Hz than at the lower modulation rates.
Speech thresholds obtained for rates at 4 Hz, 8 Hz, 16 Hz and 32 Hz had no significant difference and were similar to the thresholds found in other studies in which a 10 Hz modulation rate was used (2, 8, 13, 19) . Regarding SNR analysis (Table  3) , it was verified that SNR can be used to measure masking release magnitude.
CONCLUSION
The present study is innovative as sentences of the HINTBrazil were used for the investigation of masking release at different rates of amplitude modulation. It can be concluded here that lower modulation rates of 4 Hz, 8 Hz, 16 Hz and 32 
